Magnetization damping is a key parameter to control the critical current and the switching speed in magnetic random access memory, and here we report the effect of the growth sequence on the magnetic dynamics properties of perpendicularly magnetized Ta/CoFeB/MgO structures. Ultrathin CoFeB films have been grown between Ta and MgO but with different stack sequences, i.e. substrate/Ta/CoFeB/MgO/Ta and substrate/Ta/MgO/CoFeB/Ta. The magnetization dynamics induced by femtosecond laser was investigated by using all-optical pumpprobe measurements. We found that the Gilbert damping constant was modulated by reversing stack structures, which offers the potential to tune the damping parameter by the growth sequence. The Gilbert damping constant was enhanced from 0.017 for substrate/Ta/CoFeB/MgO/Ta to 0.027 for substrate/Ta/MgO/CoFeB/Ta. We believe that this enhancement originates from the increase of intermixing at the CoFeB/Ta when the Ta atom layer was grown after the CoFeB layer.
Introduction
Current-induced spin-transfer torque (STT) is very important in high density magnetic media and spintronics devices [1] [2] [3] [4] [5] . Regarding the energy consumption, it is critcal to find out the method to reduce the critical current that switches the spin direction in STT-MRAM application. According to S. Mangin et al [6] , the current density is proportional to the Gilbert damping constant and effective magnetic anisotropic energy . Therefore, either decreasing the damping values or magnetic anisotropy energy is required to reduce the critical current. However, considering the thermal stability of the MTJ devices, we cannot decrease the anisotropy energy too much. Thus, it is a better choice to reduce the damping constant and at the same time, relatively high magnetic anisotropy energy is preferable. The high perpendicular magnetic anisotropy materials such as L10-FePt and Co/Pt multilayers [7] [8] [9] [10] that are integrated into the magnetic tunnel junction (MTJ) [11, 12] are reported to both have low damping constant and relative high thermal stability. These materials are found to be in the good balance of thermal stability and low damping constant. The optimization of the Gilbert damping constant is critial to achieve a higher thermal stability and a lower threshold current density [13] . A major breakthrough in MRAM is the discovery of the perpendicularly magnetized CoFeB films sandwiched by MgO and Ta layers, which exhibit not only perpendicular magnetic anisotropy, but also moderate magnetic damping constant [14, 15] .
In this paper, we report the effect of the stack growth sequence on the Gilbert damping constants in the Ta/CoFeB/MgO structures grown by sputtering. A timeresolved optical pump-probe technique was used to investigate the precessional dynamics and the magnetization damping. We have observed a remarkable difference of the damping constants between the samples grown with different stack sequences.
The experimental results clearly demonstrate that stack growth sequence plays a key role in controlling damping values. .
Methods
We prepared two sets of samples: substrate/ Ta to a spot of ~600 m in diameter on the sample to excite the magnetization precession, while the probe pulse beam with a fluence of 0.06 mJ was focused to a spot size of ~200 m in diameter and overlapped with the pump laser spot on the sample surface [16] [17] [18] [19] [20] . The Kerr rotation of reflected probe pulse beam was detected by a balanced detector. A mechanical delay line was used to generate time delay between pump and probe pulse beams. The magnetization dynamics was studied by time-resolved magneto-optical Kerr effect (TRMOKE) measurements. A variable magnetic field was applied at an angle of 30° from the sample plane resulting in a cant of the magnetization away from the normal of the film. All presented results were obtained at room temperature unless otherwise specified.
Results and discussion
The magnetic hysteresis loops of sample A and sample B were measured with the in-plane and perpendicular magnetic fields using VSM and displayed in Fig. 1(a) In pump-probe measurements, the pump laser pulse created a thermal excitation of the electron/spin system leading to an ultrafast demagnetization. The magnetic order started to recover as electron/spin-transferred energy to lattice and reached a new electron/lattice/spin equilibrium within a few picoseconds. As the heat further diffused into the surrounding area and down to the substrate, the magnetization was partially recovered. Following the recovery of the magnetization, the magnetic anisotropy was also recovered, leading to a rise of anisotropy field along the direction perpendicular to the sample plane in a time period of tens of picoseconds. Then, the magnetization precessed around the initial equilibrium direction of effective field. Fig. 3(a) shows the geometry diagram of our TRMOKE measurements, and Fig. 3(b) , (c) show typical TRMOKE curves for the sample A and sample B, respectively. The signals were measured at different external magnetic fields ( ) with a fixed field angle = , which is the angle between the normal direction of sample plane and the external magnetic field. The data can be analyzed using an exponential damped sinusoide
the first term is an approximate expression for recovery from ultrafast demagnetization observed as a slowly changing background; A are amplitudes, and is the recovery rate of magnetization. The second term corresponds to the damped magnetization precession; B, , , and are amplitude, relaxation time, frequency, and the initial phase of magnetization precession, respectively [17, 27] . From a fit to the Kerr rotation spectra, we extracted the values of the and .
As shown in Fig. 4 
where and denote the mixing conductance and the cross-section area, respectively. When sputtered on top of CoFeB, the Ta layer might intermix with the CoFeB because the Ta is a heavy metal and has a higher kinetic energy emitted from the target. At the same time, the boron atoms diffuse out from the CoFeB layer and are absorbed easily by Ta layer during annealing [8, 28, 32, 33] . Considering the equation (2), we believe that the B and Ta atoms cause to increase by the increase of the mixing conductance in the CoFeB/Ta interface. Meanwhile, according to the Elliott-Yafet relaxation mechanism, the magnetization damping experiences a substantial increase when B and Ta atoms are inside CoFe, originating from a scatter of electrons [34, 35] .
Recently, it was demonstrated that the MgO interface suppresses the spin-pumping effect in MgO/FeB/MgO/Ta structures [4, 36] , and the CoFeB/Ta interface plays an important role in enhancing the [37] . This means that ' of the CoFeB/MgO interface is negligibly small when compared with that of the CoFeB/Ta interface. Our work here demonstrates that the growth sequence of the CoFeB/Ta interface can further modulate the magnetic dynamic properties.
Conclusion
In conclusion, we investigated the ultrafast magnetization precession in 
